Objective: Even though heuristics are very helpful, several biases have been described related to their use. The aim of this study is to analyze the influence of surgery volume on the surgeon's perception of pain improvement in patients after having received a reverse total shoulder arthroplasty. Design: Successive independent samples study. Setting: Shoulder surgeons attending four shoulder meetings. Participants: 149 Shoulder surgeons were included. Intervention: Physicians were asked to postulate the preoperative and postoperative pain of patients receiving a reverse shoulder arthroplasty and respond by putting a mark on two visual pain scales. Main outcome measures: Pain improvement, years of shoulder practice, number of shoulder studies read over 6 months and the number of reverse shoulder arthroplasties performed per year. To compare the answers of the survey-study, a cohort of 95 patients who had undergone reverse shoulder Arthroplasty because of a rotator cuff arthropathy were prospectively followed. Results: Regarding the pain score before and after surgery, the patient cohort showed a mean improvement of 6.84 points. In terms of the doctors, the more years of surgical practice, led them to have a greater expectation of improvement (p=0.004). Moreover, the greater the number of prostheses they implanted, the greater the expectation of improvement (p=0.0005). It was the same in terms of the number of studies read by them (p=0.001). Conclusions: Years of practice, hospital position and the number of shoulder arthroplasties done per year all favor the surgeon's perception that their patients obtain a greater pain relief after receiving a shoulder arthroplasty than the real improvement in pain relief the patients experience.
Plain language summary
The author's wanted to test the assumption that surgeons doing a lot of surgeries tend to believe that their patients do better than they really do. For that purpose, a survey-study was carried out in which shoulder surgeons attending meetings were asked to rate the pain their patients had before and after surgery to evaluate the pain relief they thought their patients obtained. Surgeons were categorized by surgery volume, hospital position and years of surgical practice. The data obtained from the surgeons was compared with the real improvement that the patients perceived after receiving surgery. The results of the study show that the chiefs were the more pessimistic ones in thinking that the patients had more pain than they
Introduction
The psychology of decision-making is becoming a more and more useful tool to analyze medical decisions. [1] [2] [3] [4] [5] [6] [7] [8] When doctors are confronted with probabilistic data, they quite often use heuristics to come up with a diagnosis or a treatment strategy. Heuristics can be defined as simple decision-making strategies that make for arriving at a decision without the need to analyze all the available information on the issue at hand. Even though heuristics are very helpful in saving time and mainly lead doctors to making good decisions, several biases have been described related to their use. They include, among others, the anchoring bias, availability bias, status quo bias and optimist bias or optimistic overconfidence. [9] [10] [11] Diagnostic errors and overtreatment present a threat of harming patients as well as the possibility of resource wastage. Diagnostic error prevalence can be as high as 10-15%. Although the causes seem to be multifactorial, cognitive biases are also involved. [12] [13] [14] [15] [16] In a recent study, the physicians admitted that the 20.6% of overall medical care was unnecessary. That percentage includes prescriptions for medications, tests and procedures. 17 Shoulder arthroplasty procedures have increased exponentially from 14.000 in 2000 to nearly 47.000 in 2008. 18 However, the distribution of shoulder replacement procedures among surgeons and hospitals remains unequal and very different when compared to hip and knee, with only a few high-volume surgeons (3%) doing most of the shoulder replacements (more than 10 per year). Then again, most shoulder surgeons do very few cases per year. [19] [20] [21] The reasons for this unequal distribution are multifactorial but cognitive bias might also influence it to some extent. The aim of this study is to analyze the influence of surgery volume on the surgeon's perception of improvement in terms of pain in patients after having received a reverse total shoulder arthroplasty.
Methods
A successive independent samples study was performed during four shoulder meetings that were held from March 2017 to November 2017. All the doctors attending the meetings were asked to participate in a survey during the meeting. There were 2 shoulder meetings at the national level and 2 at the international level with surgeons from several different countries. The surgeons attending the meetings were advised not to fill out the survey if they had done it in a previous meeting. The survey included epidemiological data such as the surgeon's age, years of shoulder practice, the number of shoulder studies published in indexed journals and those read over the last 6 months, number of reverse shoulder arthroplasties performed per year and the position of the medical doctor in the Hospital. After that, the physicians were asked to answer the following two questions by putting a mark on a 15cm visual pain scale: The visual scale was designed to be 15cm in length to resemble the pain scale recorded in the Constant Score, in which the maximum pain is 0 and minimum pain is 15 points.
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To compare the answers of the survey-study, a cohort of 95 patients who had undergone reverse shoulder arthroplasty because of rotator cuff arthropathy were prospectively followed for a minimum of 2 years. Preoperative pain and postoperative pain at a minimum of two years follow-up was recorded for this selected cohort of patients with the aid of the Constant Score.
The Comité Ético de Investigación Clínica-Parc de Salut Mar approved this study (number 2018/8379/I). In addition, the patient cohort provided written informed consent.
Statistical analysis
Preoperative and postoperative pain assessment by the staff group was checked with the one-way ANOVA test. Moreover, The Student's t-test was applied to check differences in accordance with the number of reverse shoulder arthroplasties performed per year. Comparing the survey sample with respect to the cohort of reference, differences in pain with respect to the mean cohort reference were also checked with the Student's t-test.
Differences in pain improvement were checked by means of the same analysis (the one-way ANOVA and Student's t-test). STATA version 15.1 (StataCorp, College Station, TX, USA) was used for statistical analysis. When the p-values <0.05, they were considered statistically significant.
The sample size was expressly calculated to power the analysis comparing surgeons doing less than 15 prostheses per year with surgeons implanting 15 or more prostheses per year. Accepting an alpha risk of 0.05 and a beta risk of 0.2 in a two-sided test, 30 subjects are necessary in the first group and 90 in the second to recognize a difference greater than or equal to 1.5 units as statistically significant. The common standard deviation was assumed to be 2.5.
Results
Various shoulder surgeons who attended 1 of the 4 meetings in either March, April, September or November of 2017 were included in the study. There were 152 surgeons included that filled out the questionnaire. Three of them were subsequently excluded from the study for not correctly filling out the questionnaire. Thus, the study included 149 surgeons/questionnaires, 108 males and 41 females. Of the surgeons finally included, there were 23 residents, 101 staff members devoted to the shoulder and 25 chiefs of shoulder units. The mean time in shoulder practice was of 15.3 years (SD 10.3). The mean number of shoulder replacements per year was of 11.4 (SD 27.3). The mean number of studies read per 6-month period was of 21.9 (SD 35.1).
The cohort of 95 patients that underwent a reverse shoulder arthroplasty because of rotator cuff arthropathy included 80 females and 15 males with a mean age of 75.2 years (63-87).
The mean preoperative pain determined by the shoulder surgeons was of 4.41. No significant differences (p=0.11) were noted among the medical practitioners. The residents pain perception score was 4.57, the staff members 4.48 and it was 4.0 for the chiefs. No significant differences were noted in preoperative pain perception in terms of years of practice (p=0.38), the number of prostheses implanted (p=0.905) or the number of studies read (p=0.38). The mean preoperative pain score in the patient cohort was of 5.18. The surgeons' perception of mean preoperative pain was significantly higher than the mean pain referred to by the patients themselves before surgery (p<0.000), being the chiefs the more pessimistic in thinking that the patients had more pain than they really had before surgery.
The mean postoperative pain determined by the shoulder surgeons was 11.86. Significant differences were noted between residents, staff members and chiefs (p=0.02), being the chiefs those who recorded greater improvement. Significant differences were noted in postoperative pain perception according to years of practice (p=0.003), the number of prostheses implanted (p=0.000) and the number of studies read (p=0.001). The mean postoperative pain score in the patient cohort was 12.02. No significant differences were noted between shoulder surgeons' mean perception of pain after surgery and the pain referred to by the patients after surgery (p=0.29). (Table 1) Regarding the pain score before and after surgery, the cohort of patients included referred to a mean improvement of 6.84 points. Residents and staff members considered a slightly superior improvement in pain compared to the cohort population (6.90 and 7.35, respectively) while the unit chiefs described greater improvement (8.28). These differences were significant (p=0.03). The determination was that the more years of practice, the greater improvement expected (p=0.004), the higher the number of prostheses implanted, the greater the improvement expected (p=0.0005). It was the same in terms of the number of studies read (p=0.001). Stratifying the number of shoulder arthroplasties performed per year between less than 15 shoulder replacements and more than 15 replacements, these differences were maintained (7.15 and 8.29 respectively) (p=0.003). (Table 2 )
Discussion
The more surgeries the surgeons do, the better they think it goes. Surgeons with more years of practice and who perform a greater number of procedures involving prosthesis per year think that their patients have greater pain relief than might be the case. There is the potential for this bias to lead to overtreatment. When doctors confront large amounts of information and complex probabilistic scenarios in the decision-making process, heuristics can be helpful in simplifying the task. 3, 23 However, the use of heuristic strategies may lead to several systematic errors including, but not limited to, the anchoring bias, availability bias, status quo bias and optimist bias or optimistic overconfidence.
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Overconfidence has been related to diagnostic error in medicine. 10 Diagnostic error in medicine can be as high as the 10-15% of all diagnosis, [10] [11] [12] [13] [14] and seem to be more related to systematic bias rather than to knowledge deficits. 12 Senior residents seem to do better than more experienced residents when managing heuristic scenarios on trauma teams in providing initial care to a severely injured patient. The reason for that might be that more experienced residents are more reliant on heuristic approaches. 15 In the present study, doctors having more years of experience perceive that the improvement in pain of their patients undergoing shoulder replacement is greater than the improvement in pain perceived by the doctors with less experience. The higher a doctor's position in the hierarchy of the hospital also significantly correlates with greater pain improvement perception, with Chiefs' giving higher improvement values than staff members or residents. Moreover, years of experience and hospital position lead to estimating that patients have greater pain improvement than that observed in a real cohort of patients.
Overtreatment has been considered a source of preventable harm in health care. In a recent study, physicians reported that a median of 20.6% of medical actions were unnecessary. That figure includes 22.0% of medication prescriptions, 24.9% of diagnostic tests and 11.1% of procedures. The reasons for overtreatment are multifactorial. They include fear of malpractice (84.7%) and patient pressure/requests (59.0%). 17 The results of this study show that there is a positive correlation between the number of the shoulder replacements prescribed and the doctor's perception of pain improvement. The greater the number of shoulder replacements, the more the surgeon thinks that pain references improve. There is the potential for this to have an influence on shoulder replacement overtreatment. High-volume surgeons think that the results are better than they are and this can potentially influence the patient's decision-making relative to the shoulder arthroplasty indication.
The distribution of shoulder replacements among surgeons and hospitals is different than that of hip and knee replacement as is the distribution of high-volume shoulder arthroplasty surgeons in the United States. [18] [19] [20] [21] Few surgeons do a high number of shoulder replacements. In fact, many surgeons only do a very limited number. In Catalonia, the hospitals in the public health system, the Catsalut hospitals, produce about 0.009 shoulder procedures per 1,000 insured persons each year in their healthcare region. Among the different hospitals there is a variability of 117 surgeries performed among the 5th and 95th percentiles, which means that the hospital that falls in the 95th percentile does 117 times more procedures than the hospital that is in the 5th percentile. 24 The reason for this extreme difference is multifactorial but the results of the present study support the tendency for higher-volume surgeons to keep on doing more surgeries and for lowvolume surgeons to keep on doing few procedures. The high-volume shoulder surgeons believe that their patients obtain greater pain relief than may be the case and are potentially more prone to see indications for shoulder replacement. Low-volume shoulder surgeons are more modest in their thoughts related to pain improvement and might be less prone to see indications for shoulder replacement. It is still not clear whether high-volume hospitals and surgeons are more desirable rather than low-volume hospitals and surgeons. First, no volume standard exists and almost all studies arbitrarily chose thresholds. 25 Secondly, while it has been reported that mortality rates for patients are higher if shoulder arthroplasty is performed by surgeons doing fewer than two procedures a year or between two and four procedures (0.36% and 0.32%, respectively) when compared with mortality rates of surgeons doing four or more procedures a year (0.20%), a recent systematic review concludes that there is insufficient evidence to support the concept that only the number of shoulder arthroplasties performed (either per hospital or per surgeon) results in better patient reported outcomes as well as functional outcomes. 25 Among the limits of the present study are the fact that the reasons for doing more or fewer shoulder arthroplasty surgeries are multifactorial. Furthermore, the authors only analyze one of them and the conclusions are only applicable to reverse shoulder arthroplasty. Among the strengths are the number of participants and the small number of incomplete surveys.
Conclusion
In conclusion, the hospital position in terms of hierarchy influences the perception of pain before surgery, being the chiefs the more pessimistic. The years of surgical practice, the position in the hospital hierarchy and the number of shoulder arthroplasties done per year all favor the surgeon's perception that their patients obtain a greater pain relief after receiving a shoulder arthroplasty than the real improvement in terms of pain that the patients experience. The difference of 1.45 points of improvement might not be very relevant for patients, but what the authors wanted to analyze in the present study was whether surgeons doing more surgeries thought that their patients improved more than they really did. That they thought so has been shown to be true (1.45 more) and to a significant degree (p<0.000) in this study. Therefore, the surgeon's perception potentially has an effect on the patient-decision making process.
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